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Abstract: Garlic is one of the most important vegetables and used for nutrient and medicinal purposes since ancient times. Deficiency in
the detection of high-quality garlic genotypes with a rich biochemical profile is one of the main constraints in limiting the production.
Currently, the selection and identification of promising garlic genotypes is a popular target, and to reach the best results it is necessary
to clarify discrimination. This study aims to discriminate the garlic genotypes obtained from different cultivation locations in Turkey.
For that purpose, firstly, morphological characters including biometric parameters were measured based on 18 morphological traits.
Particular correlations related to the biometric parameters were calculated. Secondly, a total of 41 main volatiles in the bulbs of garlic
genotypes were identiﬁed by using headspace-gas chromatography/mass spectrometry. Multivariate discriminant analyses including
two-way hierarchical clustering analyses (HCA) and canonical discriminant analysis (CDA) were used to identify dependencies between
garlic genotypes and to distinguish the differences based on volatiles among genotypes. There proved to be significant variability in the
Turkish genotypes for the morphologic descriptors and the results suggest that besides cultivation area, environmental conditions affect
the formation of differentiation in garlic genotypes. Multivariate analysis revealed two main groups, and variation in volatiles within
genotypes was important. The closest relationship was determined in the genotypes collected from Araban (district of Gaziantep),
Kahramanmaraş, and Yavuzeli (district of Gaziantep) region of Turkey based on the volatiles. The results of volatiles also indicate that
the genotypes collected from Kilis, Kastamonu, and Tokat provinces of Turkey could be potential for a promising source related to
volatile compounds. The current study established a foundation for the assessment of Turkish garlic genotypes for using in a breeding
program and promoting commercialization.
Key words: Allium sativum L., biometric parameters, multivariate discriminant analysis, sulphur compounds

1. Introduction
Garlic (Allium sativum L.) is a monocotyledonous diploid
(2n = 16) plant belonging to Alliaceae family. It has long
been recognized as an intersection of food and medicinal
plants. It is known that the chief characteristics of garlic
are its pungent flavor and odor (Zhang et al., 2018), which
are originated from organosulphur compounds (OSCs)
including thiosulfinates, and its degradation forms such as
diallyl disulfide and diallyl trisulfide (Ramirez et al., 2017).
The OSCs are highly reactive phytochemical metabolites
and they are mainly found in garlic extracts as allyl and
methyl forms, which showed in vivo anticarcinogenic
activity (Chope et al., 2011; Ramirez et al., 2017). OSCs also
represent diverse therapeutical and preventive properties
such as antimicrobial, antidiabetic, antiinflammatory,
cardioprotective, and anticancer action (Corzo-Martínez
et al., 2007). The quantities and ratios of OSCs in garlic can
be used for its identification (Pratt, 2010).
The world’s total production of garlic is 30 mt and
Turkey ranks the fifteenth country (146 thousand tons) in

the world for annual garlic production (FAOSTAT, 2019;
TurkStat, 2020). Garlic has a long history depending on
cultivation and usage in Turkey, which has a great richness
in garlic genotypes due to its location that extends from the
Mediterranean basin to the Caucasus region (the second
gene center of garlic) (Etoh and Simon, 2002). In Turkey,
garlic cultivation is mainly distributed in the province of
Gaziantep, Kastamonu, and Kahramanmaraş, respectively.
In addition, garlic has many genotypes depending on the
origin of production and one of them is ‘‘Taşköprü garlic’’
(a variety selected from a population of Taşköprü county
of Kastamonu province in the northeastern part), which
is the best-known variety and it has attractive for high
soluble solids content, ascorbic acid, OSCs, and antioxidant
capacity (Akan and Tuna Gunes, 2021). Meanwhile, this
variety received geographical indication registration from
the European Union (Protected Designation of Origin
(PDO)-TR-2217) and another local variety called “Araban
garlic” (a variety selected from a population of Araban
county of Gaziantep province in the northeastern part) has
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a certificate of geographical indication (No: 529) from the
Turkish Patent and Trademark Office in 2020. While other
local garlic is not horticulturally classified, some of them
are considered promising Turkish genotypes due to their
chemical composition.
Although garlic is produced vegetatively, there are
significant differences between garlic genotypes in terms
of morphological characteristics (Khar et al., 2006).
Morphological characterization is essential to determine
variation in the local landraces or varieties for a future
breeding program (Panthee et al., 2006). Characters that
cause morphological variations in garlic are bulb weight,
bulb diameter, bulb yield, clove height, number of cloves
per bulb, plant height, number of leaves, and bulbing
(Wang et al., 2014; Kumar, 2015; Petropoulos et al., 2018;
Akan, 2019). Morphological characters including leaf
length, coat layer, bulb weight, growth habit, and stress
resistance exhibit great variations according to genotypes
(Kumar et al., 2015; Ayed et al., 2019). In addition to
morphological variation, Botas et al. (2019) have stated
that geographical location has great importance on the
diversity in the chemical composition of garlic. As a
matter of fact, previous reports have demonstrated that
the common garlic classification is based mainly on
morphological and biological characteristics (Baghalian et
al., 2005; Baghalian et al., 2006).
In addition to morphological characterization, the
volatile profile of garlic is required for the evaluation of the
diversity and breeding value potential of the germplasm
resources. It must be remarked, however, that the
volatile analysis of Turkish garlic genotypes has not been
comprehensively characterized until today. Moreover, it is
still uncertain how the volatile compounds diversify along

with their geographical origins. This target may provide
a promising strategy for determining the identification
and discrimination of volatiles of Turkish garlic genotypes
in terms of geographical indicators. Having useful
knowledge of morphological and volatile analysis of
promising Turkish garlic genotypes can serve as a great
contributor to their breeding and commercialization.
Concerning the high importance of garlic in Turkey, this
research lays on the aforementioned scenario and aims at
investigating to perform a comprehensive evaluation of
relationships among morphological characters of Turkish
garlic genotypes and to determine the relative contents of
volatiles in garlic and differences according to the growing
region.
2. Material and methods
2.1. Plant material
The current study was carried out on 13 garlic genotypes,
samples were collected from local farmers of major
production regions of Turkey. Bulbs were harvested at
full maturity and cured well during the growing season
in 2020. Features of the genotype and region are shown
in Table 1. Promising garlic genotypes are widespread in
Turkey, and prominent areas in terms of garlic production
were selected. Pictures of selected genotypes are also
presented in Figure 1.
2.2. Morphological characterization
Morphological characteristics were measured depending
on the main descriptions for garlic developed by the
International Union for the Protection of New Varieties
of Plants (UPOV, 2001) (Table 2). Twelve quantitative
characters were investigated and 3 replications comprised
of randomly chosen 30 bulbs were measured for each

Table 1. Geographical and climate properties of locations of sampled garlic genotypes.
Genotypes Province

District

G1

Gaziantep

Araban

Altitude Irrigation Yearly mean
Yearly mean
(m)
system
temperature (°C) rainfall (mm)
700
Irrigated
15.2
568.3

G2

Gaziantep

Yavuzeli

650

Irrigated

15.2

568.3

G3

Kastamonu

Taşköprü

655

Irrigated

9.8

482.3

G4

Kastamonu

Taşköprü

655

Irrigated

9.8

482.3

G5

Kastamonu

Taşköprü

655

Irrigated

9.8

482.3

G6

Kastamonu

Taşköprü

655

Irrigated

9.8

482.3

G7

Kahramanmaraş Pazarcık

731

Irrigated

16.7

719.7

G8

Aksaray

Acıpınar

980

Irrigated

12.1

362.3

G9

Tokat

Center

730

Irrigated

12.5

435.2

G10

Nevşehir

Center

1150

Dry

10.7

419.5

G11

Ankara

Afşar

1050

Irrigated

11.9

393.2

G12

Mersin

Erdemli

1250

Irrigated

19.2

615.5

G13

Kilis

Center

663

Irrigated

17.2

504.2
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Figure 1. Pictures of selected genotypes of the studied garlic.

genotype. The first set of morphological characteristics
related to bulbs was ground color of dry external scales,
shape of base, compactness of cloves, shape in longitudinal
section, anthocyanin stripes on dry external scales, skin
adherence of dry external scales, the thickness of dry
external scales, distribution of cloves, and external cloves.
The characters observed related to cloves were the color
of scale, anthocyanin stripes on the scale, and the color
of flesh.
2.2.1. Biometric parameters
The measurements of biometric characteristics were
examined for triplicate and ten bulbs were used randomly
for each replication of each genotype. Samples of bulbs were
weighed and measured, for cloves; samples were deprived
of the outer skin and then, were weighed and measured.
The recorded parameters were the bulb diameter (mm),
bulb height (mm), bulb weight (g), clove height (mm),
clove weight (g), and the number of cloves per bulb.
2.3. Volatile analysis by Headspace-Gas ChromatographyMass Spectrometry
Volatile analysis was determined according to the method
of Mi et al. (2021) with some modifications. HeadspaceGas Chromatography-Mass Spectrometry (HS-GC-MS)
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analysis was conducted on a GC system (7890B, Agilent
technologies, Santa Clara, CA, USA) coupled to a mass
spectrometer (5977A, Agilent Technologies, USA). The
volatiles were separated with an HP-5 MS capillary column
(30 m × 0.25 mm i.d., film thickness 0.25 m, HewlettPackard) (Agilent Technologies, USA). For a carrier gas,
helium was used at a flow rate of 1.0 mL/min. GC inlet was
set in splitless mode and a sample volume of 10 mL was
injected in the split mode. The column oven temperature
was kept at 50 °C for 2 min, then increased to 200 °C at
6 °C/min and finally raised to 250 °C at 10 °C/min. All
mass spectra were acquired with the electron ionization
(EI) mode at 70 eV. The mass range was between 33 and
650 m/z. The individual components were identified by
matching their recorded mass spectra of the HS-GC–MS.
The relative percentages of the individual components
were determined by comparing their retention time and
mass spectra using the Wiley 9, NIST 14 mass spectral
library. The analyses were performed in triplicate (n =3).
2.4. Statistical analysis
This study was set as a completely randomized
design method (CRD) with 3 replications and each
replication of each genotype includes 10 garlic bulbs. The

W

W

W

YW

YW

YW

YW

RW

RW

YW

G5

G6

G7

G8

G9

G10

G11

G12

G13

L

M

M

C

M

M

M

C

C

C

TBE

TBE

TBE

TBE

TBE

TNE

TNE

TBE

TBE

TBE

A

P

P

A

A

A

A

A

A

A

A

M

M

M

M

S

M

M

S

S

S

TN

TK

M

TN

M

TN

TK

TN

TN

TK

TN

M

TN7

NR

R

NR

NR

NR

R

NR

NR

NR

NR

NR

NR

R8

P

A

P

A

A

A

A

A

A

A

A

A

A5

C

PI

C

W

C

C

C

PI

PU

B

PI

W

W9

P

P

P

P

P

P

A

P

P

P

P

A

A5

W

W

Y

Y

Y

Y

Y

W

W

W

Y

Y

Y10

Thickness of
Anthocyanin
Distribution External Color of
Color of
dry external
stripes on
of cloves
cloves
scale
flesh
scales
scale

Clove

1

White (W), yellowish white (YW), reddish white (RW) 2Recessed (R), flat (F) 3Loose (L), medium (M), compact (C) 4Transverse narrow elliptic (TNE), transverse broad elliptic
(TBE) 5Absent (A), present (P) 6Weak (W), medium (M), strong (S) 7Thin (TN), medium (M), thick (TK) 8Radial (R), nonradial (NR) 9White (W), cream (C), pink (PI), purple
(PU), brown (B) 10White (W), yellowish (Y).

R

R

R

F

F

R

R

F

F

F

TBE

S

G4

C

A

W

F

TNE

W

G3

L

W

G2

F

Skin
adherence of
dry external
scales
W6

Bulb
Ground
Anthocyanin
Shape in
Genotypes colour of
Shape of Compactness
stripes on
longitudinal
dry external base
of cloves
dry external
section
scales
scales
G1
W1
F2
M3
TBE4
A5

Table 2. Main descriptions of morphological characteristics of garlic genotypes.
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data were subjected to analysis of variance (ANOVA) using
MINITAB 17 (Minitab, Inc., State College, PA). Mean ±
standard error mean (SEM) were calculated and presented
in tables. The significant differences between samples were
tested by Duncan’s Multiple Range Test using MSTAT-C
statistical software (MSTAT-C, Michigan State University,
East Lansing, MI) at 0.05 level of probability. Pearson
correlation test was used to analyze the correlation between
biometric parameters including bulb diameter, bulb
height, bulb weight, clove height, and clove weight by SPSS
software. The results have also converted a dendrogram,
which was conducted with UPGMA (unweighted pairgroup method with arithmetic mean) for estimating
similarity among the garlic genotypes with NTSYSpc
software (Numerical Taxonomy and Multivariate Analysis
System). A canonical discriminant analysis (CDA) was also
carried out to assess garlic genotypes based on different
geographic areas. Plotting loads of the samples on the
plane defined by the first two canonical variables made it
possible to visualize the tendency of the points to separate
into four groups. Further, the heat map of the two-way
hierarchical clustering analyses (HCA) was carried out
for volatile sulphur compounds among genotypes and the
results were presented in a dendrogram that characterized
the clusters. HCA analyses were run in the JMP software
(13.0.0, SAS Institute, USA).
3. Results
3.1. Morphological characterization
The results of the morphological characterization have
been summarized and presented in Table 3. The results
showed the existence of a good amount of morphological
diversity in 13 local garlic genotypes (Table 3). Three
types of ground color of the bulb were observed among
the genotypes. Nearly half of the genotypes (46.15%) (G1,
G2, G3, G4, G5, G6) had white color while the rest of the
genotypes had yellowish-white color (38.46%) (G7, G8,
G9, G10, G13) and reddish-white color (15.38%) (G11,
G12). Regarding the bulb shape of the base, rounded
base was not observed among the genotypes. This trait
of different genotypes exhibited either flat or recessed.
The flat base was dominated among the genotypes as of
61.54%, while recessed base was 38.46% (G7, G8, G11,
G12, and G13) (Table 3). As the cultivars are distinguished
by the compactness of cloves in bulbs, this trait would
be useful for the grouping of the cultivars. Among 13
genotypes, 6 (G1, G7, G8, G9, G11, G12) had medium and
5 (G3, G4, G5, G6, G10) had strong to compact whereas
the rest of the genotypes (G2, G13) were found to have
weak or loose to compactness. The maximum number of
genotypes (76.92%) had transverse broad elliptic while
only 23.08% had transverse narrow elliptic in terms of
bulb shape in longitudinal section. In addition, a circular
shape in the longitudinal section was not seen. The garlic
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clones varied in respect to the anthocyanin stripes on dry
external scales of bulbs. More than ¾ of the genotypes
(84.61%) did not have anthocyanin stripes on dry external
scales, but only 15.38% of genotypes (G11, G12) had
this trait. Skin adherence of dry external scales of bulbs
varied from weak to medium and strong. Nearly half of
them (46.15%) had medium adherence, 38.46% genotypes
had strong and the rest (15.38%) had weak adherence.
Three types such as thin, medium, and thick thickness of
dry external scales of bulbs were recorded in this study.
Of which 53.85% genotypes had a thin thickness and
the rest had the same proportion (23.08%) with medium
and thick adherence. The distribution of cloves in bulbs
could be a useful trait for the classification of genotypes
into different groups but not for the identification of an
individual cultivar. A wide variation was observed in the
distribution of cloves in bulbs among different genotypes.
Ten genotypes showed nonradial distribution (76.92%),
three genotypes (G1, G8, G12) showed radial distribution
(23.08%). A wide variation was observed in external cloves
in bulbs, which was not observed in eleven genotypes
(84.61%) while two genotypes (G11, G13) had it (15.38%).
With regard to clove traits, there was a high variation in
color of the scale of clove among 13 genotypes. The three
main colors of scale are cream (38.46%), white (23.08%),
and pink (23.08%). The purple scale (7.69%) (G5) was
found as the same as the brown scale (G4). The existence
of anthocyanin stripes on a scale of clove was found in
10 genotypes among all as of 76.92%, the genotypes G1,
G2, and G7 did not have this trait. Higher than half of
the genotypes (61.54%) had yellowish clove color of flesh
while the rest of the genotypes (38.46%) (G4, G5, G6, G12,
G13) had white clove color of flesh (Table 3). As a result,
these morphological descriptions are the main markers
that could be used to differentiate genotypes/cultivars.
3.1.1. Biometric parameters
Variation in garlic genotypes for biometric parameters
including bulb diameter, bulb height, bulb weight, clove
height, clove weight, and the number of cloves per bulb
is presented in Table 4. Statistical calculations showed
signiﬁcant differences in biometric parameters among
13 genotypes. Highly significant variation was exhibited
among the genotypes related to bulb diameter. The
genotypes G7 and G11 had the largest bulb diameter with
a mean of 63.81 and 63.39 mm, respectively. However,
the smallest bulb was recorded from the genotype G13
(41.36 mm). Bulb height significantly differed among
the genotypes. It was ranging from 28.60 to 43.98 mm
and the genotype G7 presented the highest value (43.98
mm) for this trait, while the lowest one was noted in
the genotype G13 (28.60 mm). Bulb weight indicated
significant differences among genotypes and it ranged
between 18.18–66.12 g. The highest bulb weight was found
in the genotype G12 (66.12 g) and G7 (65.14 g) whereas
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Table 3. Distribution of garlic genotypes based on the morphological traits.
Traits

Class

Rating scale Number of genotypes Frequency (%)

White

1*

6

46.15

Yellowish white

2

5

38.46

Reddish white

3

2

15.38

Recessed

1

5

38.46

Flat

2

8

61.54

Rounded

3

0

0

Loose

3

2

15.38

Medium

5

6

46.15

Compact

Bulb
Ground color of dry external scales

Shape of base

Compactness of cloves

Shape in longitudinal section

Anthocyanin stripes on dry external scales

Skin adherence of dry external scales

Thickness of dry external scales

Distribution of cloves
External cloves

7

5

38.46

Transverse narrow elliptic 1

3

23.08

Transverse broad elliptic

2

10

76.92

Circular

3

0

0

Absent

1

11

84.61

Present

9

2

15.38

Weak

3

2

15.38

Medium

5

6

46.15

Strong

7

5

38.46

Thin

3

7

53.85

Medium

5

3

23.08

Thick

7

3

23.08

Radial

1

3

23.08

Non-radial

2

10

76.92

Absent

1

11

84.61

Present

9

2

15.38

White

1

3

23.08

Cream

2

5

38.46

Pink

3

3

23.08

Purple

4

1

7.69

Brown

5

1

7.69

Absent

1

3

23.08

Present

9

10

76.92

White

1

5

38.46

Yellowish

2

8

61.54

Clove

Color of scale

Anthocyanin stripes on scale
Color of flesh
*Rating scale developed by UPOV (2001).

the lowest one is found in the genotype G13 (18.18 g).
The longest clove height was measured (30.04 mm) from
the genotype G12, which was followed by the G7 (29.30
mm), G3 (29.20 mm), and G9 (28.91 mm), whereas the
genotype G13 produced the shortest clove height (18.87

mm). Clove weight was also significantly varied among
the genotypes. This ranged from 1.27 to 6.28 g. As the
genotype G12 exhibited the highest value (6.28 g), the
lowest value (1.27 g) was obtained in the genotype G13.
Significant variations were also found in garlic genotypes

429

AKAN / Turk J Agric For
for the number of cloves per bulb, ranging from 10 to 28
among the genotypes. The mean values showed that the
genotype G13 had the maximum number of cloves/bulb
(28) whereas the genotype G12 had the lowest trait (10).
Pearson correlation test showed either positive or
negative correlations based on the bulb diameter, bulb
height, bulb weight, clove height, clove weight, and the
number of cloves per bulb (Table 5). It was clear that
there was a strong correlation between bulb diameter
and bulb weight (r = 0.848), and between bulb diameter
and clove weight (r = 0.728). In addition, bulb diameter
was moderately positively correlated with bulb height
(r = 0.485), and clove height (r = 0.366), respectively.
Furthermore, bulb height was strictly positively correlated
with bulb weight (r = 0.708), clove weight (r = 0.600),
and clove height (r = 0.503). The highest correlation was

found positively among bulb weight with clove weight (r
= 0.893), and clove height (r = 0.672), respectively. As for
clove height, it was only positively correlated with clove
weight (r = 0.690). On the other hand, number of cloves
per bulb was strongly negatively correlated with clove
weight (r = −0.900), bulb weight (r = −0.815), clove height
(r = −0.700), bulb diameter (r = −0.674), and bulb height
(r = −0.580), respectively (Table 5).
3.2. Volatile analysis
A total of 41 volatiles were identified in the 13 garlic
genotypes, and a complete list of these compounds
including sulfides, alcohols, acids, and other compounds
was given in Table 6. According to the results, volatile
compounds are classified into 20 sulfides (3 monosulfides,
7 disulfides, 3 trisulfides, and 7 cyclic sulfides), 5 alcohols,

Table 4. Biometric parameters of garlic genotypes.

G1

56.74 ± 0.08 d*1

35.17 ± 0.01 h

51.31 ± 0.06 c

28.05 ± 0.92 d

3.65 ± 0.01 g

Number of
cloves per bulb
16 ± 1.15 bc

G2

58.12 ± 0.30 c

32.16 ± 0.17 ı

52.74 ± 0.17 bc

27.88 ± 0.79 d

4.39 ± 0.04 f

14 ± 0.57 de

G3

48.55 ± 0.28 g

36.76 ± 0.62 ef

50.02 ± 0.63 c

29.20 ± 0.05 b

4.58 ± 0.11 e

14 ± 0.57 de

G4

50.42 ± 1.57 f

40.92 ± 1.11 b

55.88 ± 0.88 b

25.92 ± 0.55 e

4.34 ± 0.08 f

16 ± 0.57 bc

G5

45.52 ± 0.28 ı

37.26 ± 0.41 de

35.64 ± 0.10 e

25.95 ± 0.29 e

3.68 ± 0.05 g

15 ± 0.57 cd

G6

47.59 ± 0.36 h

35.81 ± 0.04 g

39.82 ± 0.93 d

28.34 ± 0.42 cd

3.47 ± 0.08 h

17 ± 0.00 b

G7

63.81 ± 0.35 a

43.98 ± 0.20 a

65.14 ± 0.18 a

29.30 ± 0.12 b

4.82 ± 0.07 d

13 ± 1.00 e

G8

58.13 ± 0.16 c

36.60 ± 0.44 f

51.79 ± 0.30 c

23.19 ± 0.09 g

3.65 ± 0.09 g

17 ± 0.00 b

G9

54.78 ± 0.17 e

39.42 ± 0.13 c

55.68 ± 0.10 b

28.91 ± 0.29 bc

4.63 ± 0.14 e

17 ± 0.00 b

G10

60.41 ± 0.43 b

35.67 ± 0.16 gh

55.02 ± 0.14 b

25.65 ± 0.13 e

5.28 ± 0.14 b

13 ± 1.53 e

G11

63.39 ± 0.34 a

39.33 ± 0.08 c

56.04 ± 0.22 b

24.63 ± 0.16 f

5.03 ± 0.11 c

13 ± 0.00 e

G12

60.67 ± 0.53 b

37.54 ± 0.06 d

66.12 ± 0.07 a

30.04 ± 0.08 a

6.28 ± 0.04 a

10 ± 1.00 f

G13

41.36 ± 0.24 j

28.60 ± 0.16 j

18.18 ± 0.06 f

18.87 ± 0.26 h

1.27 ± 0.09 ı

28 ± 0.57 a

P value

0.000**

0.000

0.000

0.000

0.000

0.000

Genotypes Bulb diameter (mm) Bulb height (mm) Bulb weight (g) Clove height (mm) Clove weight (g)

*: mean ± standard error of mean, 1Small letters show differences among varieties in each column (p ≤ 0.05).
Table 5. Correlation between biometric parameters of garlic genotypes.
Bulb diameter Bulb height Bulb weight Clove height Clove weight
Bulb diameter

1

Bulb height

0.485**1,2

1

Bulb weight

0.848***

0.708***

1

Clove height

0.366*

0.503***

0.672***

Clove weight

0.728***

0.600***

0.893***

0.690***

1

Number of cloves per bulb -0.674***

-0.580***

-0.815***

-0.700***

-0.900***

Pearson correlation coeﬃcient, r, 2*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.

1
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Number of
cloves per bulb

1
1

00592-88-1

00342-31-5

Diallyl sulphide

Allyl n-propyl sulphide

34135-85-8

12.91
14.22

6007-23-4

541-58-2

17626-73-2

4829-04-3

6008-78-2

6008-81-7

870-23-5

71-23-8

78-83-1

123-51-3

Thiazole, 2,4-dimethyl-

5-Ethylthiazole

1,3-Dithiolane

1,3-Dithiolane,2,2-dimethyl
2-Ethyl-2-methyl-1,3dithiolane
Alcohols

Allyl mercaptan

1-Propanol

Propanol, 2-methyl-

1-Butanol, 3-methyl-

9.32

7.62

6.79

9.86

13.01

17.30

17.29

14.16

505-23-7

2-Ethyl[1,3]dithane

14.19

14.99

17.29

12.28

1,3-Dithiane

Cyclic sulfides

2050-87-5

12.77

23838-21-3

Trisulfide, methyl 2-propenyl

12.76

67421-85-6

Trisulfide, di-2-propenyl

N.A.

122156-02-9 13.52

3658-80-8

12.43

10.78

23838-19-9

Dimethyl trisulfide

0.77

10.66

2179-58-0

Disulfide, methyl 2-propenyl
(E)-1-Methyl-2-(prop-1-en-1yl) disulfane
1-Allyl-2-(prop-1-en-1-yl)
disulfane
1-Allyl-2-isopropyl disulfane
(E)-1-(Prop-1-en-1-yl)-2propyl disulfane
Trisulfides

N.A.

0.29

1.77

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.47

9.16

67.83

2179-57-9

8.58

00624-92-0

N.A.

0.43

1.16

1.14

Diallyl disulphide

7.42

12.77

8.57

5.71

N.A.

N.A.

1.62

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

7.24

N.A.

11.37

64.82

N.A.

N.A.

3.92

7.35

N.A.

N.A.

1.55

1.46

N.A.

N.A.

N.A.

N.A.

0.23

N.A.

0.10

0.87

N.A.

0.41

0.38

0.31

8.38

2.47

26.94

45.98

2.89

N.A.

2.06

4.03
3.42

2.55

G5

N.A.

N.A.

N.A.

N.A.

0.48

0.49

0.28

N.A.

N.A.

0.55

N.A.

0.75

0.21

0.41

0.20

0.09

3.18

1.34

26.74

38.19

5.02

0.99

3.26

4.52

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.46

N.A.

N.A.

N.A.

1.02

10.15

2.44

22.32

44.00

2.24

N.A. N.A.

7.46

12.40

Relative Abundance %
Rt
(min) G1
G2
G3
G4

Disulfide, dimethyl

Disulfides

10152-76-8

CAS#

Sulphide, allyl methyl

Monosulfides

Compounds

Table 6. Contents of volatile compounds identified in the garlic genotypes.

N.A.

N.A.

0.69

N.A.

0.47

0.85

0.47

N.A.

N.A.

0.29

N.A.

0.61

0.16

N.A.

N.A.

0.33

2.68

1.08

21.14

33.70

3.27

0.17

16.61

17.04

G6

N.A.

N.A.

2.66

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.04

N.A.

N.A.

0.74

N.A.

12.11

0.53

6.90

71.41

N.A.

N.A.

1.66

1.91

G7

N.A.

N.A.

N.A.

N.A.

N.A.

0.53

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.79

N.A.

15.18

43.33

0.82

N.A.

22.57

14.12

G8

N.A.

N.A.

N.A.

N.A.

N.A.

0.18

N.A.

N.A.

N.A.

N.A.

N.A.

0.24

0.17

N.A.

N.A.

0.37

0.66

N.A.

13.58

39.92

0.86

0.23

24.96

17.54

G9

N.A.

N.A.

1.77

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.19

N.A.

1.50

N.A.

7.69

48.72

0.21

N.A.

12.12

10.10

G10

2.63

N.A.

N.A.

N.A.

N.A.

N.A.

0.79

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.17

N.A.

N.A.

N.A.

0.41

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

1.00

N.A.

N.A.

N.A.

N.A.

5.26

0.56 2.11

26.67 34.79

53.96 45.94

N.A. N.A.
N.A.

N.A.

1.68

3.80

G13

1.72 4.41

N.A.

4.11

6.01

G12

N.A. 0.17

0.89

N.A.

18.49

43.99

1.00

N.A.

16.73

14.55

G11
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N.A.

64-19-7

64-18-6

539-82-2

Formic acid

Pentenoic acid, ethyl ester

7.92

14.25
10.05
14.25

77-86-1

758-16-7

3338-55-4

2615-15-8

24653-75-6

109-60-4

59-52-9

Tromethamine
Methanethioamide, N,Ndimethyl1,3,6-Octatriene,
3,7-dimethyl-, (Z)Hexaethylene glycol

Mercaptoacetone

n-Propyl acetate

2,3-Dimercaptopropan-1-ol

N.A., not available.

7.02

5830-30-8

N,N-Dimethylhexanamide

7.03

5.89

7.02

14.99

3148-73-0

9.87

10.19

1.2-diacetylhydrazine

Other compounds

0.23

000191-79-3 7.02
6.80

N.A.

8.75

623-70-1

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.23

3.67

N.A.

N.A.

0.29

8.76

107-93-7

N.A.

0.13

105-54-4

6.79

14.19

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

3.68

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.68

0.40

N.A.

N.A.

0.17

N.A.

N.A.

N.A.

0.45

N.A.

N.A.

0.24

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.69

N.A.

0.08

1.02

0.25

0.17

N.A.

N.A.

N.A.

Relative Abundance %
Rt
(min) G1
G2
G3
G4

2-Butenoic acid, (E)2-Butenoic acid, ethyl ester,
(E)2,3-Dihydroxy-2methylpentanoic acid
Acetic acid

288-26-6

CAS#

Butanoic acid, ethyl ester

Acids

3H-1, 2-Dithiole

Monosulfides

Compounds

Table 6. (Continued).

N.A.

N.A.

N.A.

0.35

0.16

N.A.

0.44

N.A.

1.34

N.A.

N.A.

N.A.

N.A.

0.34

N.A.

N.A.

N.A.

G5

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.44

N.A.

N.A.

N.A.

G6

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

1.81

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.23

G7

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

2.66

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

G8

N.A.

N.A.

0.20

N.A.

N.A.

N.A.

N.A.

N.A.

1.09

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

G9

N.A.

0.50

1.27

N.A.

0.38

N.A.

N.A.

0.26

15.24

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.05

G10

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

3.56

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

G11

0.35

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

2.31

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

0.79

0.14

G12

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

1.01

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

G13
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7 acids, and 9 other compounds (Table 6). The number of
volatile compounds ranged from 7 to 21 in garlic genotypes.
The numbers of volatile compounds in 4 genotypes (G4,
G3, G5, G6, respectively) were found to exceed 15, of
which 5 genotypes (G1, G10, G12, G9, G7, respectively)
were above 10; the other 4 genotypes (G13, G8, G11, G2,
respectively) contained less than 10 volatile compounds
(Table 6). As depicted in Figure 2, the total distribution
of volatile compounds belongs to sulphur compounds
(94.77%), other compounds (3.26%), alcohols (1.64%),
and acids (0.33%). The distribution of volatile compounds
is given separately on the basis of garlic genotypes (Figure
3.) It is clear that sulphur compounds were observed as
the chief components. A majority of genotypes contained
high sulphur compounds, in which 9 genotypes including
G13, G6, G9, G4, G8, G11, G12, G7, G3, respectively,
were detected between 95%–98%. The two genotypes (G2,
G1, respectively) presented between 90%–95% sulphur
compounds, and the rest including G5, and G10 contained
sulphur compounds as of 88.60% and 80.53%, respectively
(Figure 3). Additionally, in most genotypes, alcohols were
observed in low contents, except for a G5 as 8.77% and the
same situation was noted in all genotypes except for the
G10 (17.15%) in terms of other compounds. Acids were
very low in all genotypes suggesting a negligible content in
garlic genotypes.
The dendrogram revealed a clear separation among 13

Figure 2. Classification and percentage of identified volatile
compounds among the garlic genotypes.

local garlic genotypes of Turkish and also it presents two

Figure 3. Relative content of different volatile compounds in
garlic genotypes.

major clusters and in each cluster showing the existence
of diversity and similarity in the genotypes based on
the volatile compounds. As seen in Figure 4a, cluster I
comprised 3 garlic genotypes, and a high degree of similarity
was observed between the genotypes G1 and G7, followed
by G2. The genotype G1 is grown in the Araban district of
Gaziantep, very close to the genotype G7 originated from
Pazarcık (district of Kahramanmaraş). The other cluster
(Cluster II) was the second biggest and consisted of 10
genotypes including G3, G4, G5, G6, G8, G9, G10, G11,
G12, and G13, which are divided into subgroups as can
be seen in Figure 4a. According to the subgroups, there is
a high relationship between the genotype G3 and G5, so
it can be noted that the genotype G3 has the same origin
as G5 (Taşköprü district of Kastamonu). In addition, the
closest genetic relationship was observed between the two
genotypes G8 (Aksaray)-G9 (Tokat).
Canonical discriminant analysis (CDA) also
demonstrated a classification distance among 13
genotypes in canonical axis 1 and 2 which are plotted in
Figures 4b and 4c. The CDA represents the dispersion of
group centers and the two axes have a separating power
to the garlic genotypes. According to the axis 1 and 2,
the genotypes G3, G4, G5, G6, and G13; G1 and G7; G8,
G9, G11, and G12; G2 and G10 were in the same position
depending on group projections on the discriminant axis.
It was possible to project the genotypes according to their
volatiles, they stood out partly from the corresponding
cultivation area. The results showed that the genotypes,
which were obtained from different areas, were effective
on volatile compounds.
The heat map of the two-way HCA analysis was
conducted to show the similarities and dissimilarities
among garlic genotypes in terms of the content of
detected common sulfides (monosulfides, disulfides, and
trisulfides) (Figure 5). Moreover, it allowed providing a
much more straightforward illustration of the association
between studied genotypes, and their volatile sulfide
compounds. Two main clusters were identified, the
genotypes G4 and G6 were in cluster one, distinguished by
higher contents of cyclic sulfides, mainly such as 2-ethyl2-methyl-1,3-dithiolane,
1,3-dithiolane,2,2-dimethyl,
1,3-dithiolane, and 2-ethyl[1,3]dithane. Additionally,
while the genotype G6 differs from G4 with regard to a
higher content of sulfide allyl methyl, the genotype G4
had a higher value in trisulfide di-2-propenyl and disulfide
dimethyl. The genotypes including G1, G2, G3, G5, G7,
G8, G9, G10, G11, G12, and G13 were grouped in cluster
two, approving similarities and they were distinguished
by a higher content of sulfides such as sulfide allyl methyl,
diallyl sulfide, diallyl disulphide, allyl n-propyl sulphide,
1-allyl-2-(prop-1-en-1-yl) disulfane, and (E)-1-(Prop-1en-1-yl)-2-propyl disulfane. Among these, the genotype
G3 followed by G7, G1, and G13 can be differentiated from
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Canonical axis 1

Canonical axis 2

Figure 4. (a) Dendrogram showing the relationships between volatiles in garlic genotypes, (b) canonical discriminant analysis plot of
garlic genotypes, (c) representation of the CDA for garlic genotypes, in the planes of a three-dimensional view.
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G1
G7
G2
G10
G8
G11
G9
G3
G5
G13
G12
G4
G6

Low

High
Figure 5. The heatmap of two-way HCA analysis on common sulfide volatiles in garlic
genotypes. Rows and columns are grouped using correlation distance and average
linkage. Darker red color tones specify major abundance while darker blue color tones
indicate minor abundance.

the others depending on the major abundance in volatiles
(Figure 5).
4. Discussion
4.1. Morphological characterization
Although garlic is propagated asexually, great diversity in
morphological characters has been observed, even among
genotypes grown in the same location for a long time
(Bonasia et al., 2020). This situation is most probably a
result of natural mutations and their evolution over time as
mentioned in previous reports (Mohammadi et al., 2014).
In this experiment, it was observed a great variation in
the morphologic characters among the 13 garlic genotypes.
These genotypes differentiate by distinct traits such as the
ground color of dry external scales of bulb, bulb shape of
base, compactness of cloves, bulb shape in longitudinal
section, anthocyanin stripes on dry external scales of
bulb, skin adherence of dry external scales of bulb, bulb
thickness of dry external scales, distribution of cloves,
external cloves, clove color of scale, anthocyanin stripes on

the scale of clove, and clove color of flesh (Table 3). Similar
variations in the morphological parameters of Indian
and Greek garlic were reported by Kumar (2015) and
Petropoulos et al. (2018). These results are also consistent
with the findings of Draghi and Whitlock (2012) and Ayed
et al. (2019). These results indicate that differences varied
due to the conditions of the geographical areas. It has been
reported in previous studies that a wide variation in the
morphological characters could be observed according
to the different climatic conditions (Panthee et al., 2006;
Hoogerheide et al., 2017). On the other hand, Kaushik
et al. (2016) pointed out the variation in morphological
characters among the genotypes by the differences in
genetic constituents as well as environmental effects.
Furthermore, earlier studies have reported that soil
features, fertilization, and cultivation methods could be
the main marker for the expression of the morphological
traits (Jabbes et al., 2012; Diriba-Shiferaw et al., 2013).
The overall results of morphological characters reflect
the importance of the mentioned traits in garlic selection.
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However, significant differences were observed not only
between the different provinces but also between the
genotypes of the same locality.
4.1.1. Biometric parameters
In this study, a broad variability was observed for the
biometric parameters including bulb diameter, bulb
height, bulb weight, clove height, clove weight, and the
number of cloves per bulb (Table 4). According to the
measurement of bulb diameter, this trait is higher than
those mentioned by Hacıseferoğulları et al. (2005) and
Ayed et al. (2019). The differences in bulb diameter can
be explained by differences in garlic genotypes as well
as cultivation practices and environmental conditions
(Jabbes et al., 2012; Atif et al., 2020). Likewise, Lucena et
al. (2016), explaining the signiﬁcant differences in garlic
cultivars, claimed that the variation in bulb diameter
among the locations attributes these differences to the
climatic factors. Concerning bulb height, the results
demonstrated the existence of high diversity among garlic
genotypes. Current findings are similar to the previous
reports on garlic (Wang et al., 2014; Atif et al., 2019). In
addition, the obtained results are higher than an earlier
report by Lee et al. (2013). According to experience,
these differences could be associated with either different
genotypes or environmental conditions as seen in bulb
diameter knowing that bulb weight has been used to
separate garlic cultivars as the main indicator. Previous
studies have recorded a lower bulb weight than the current
study (Ayed et al., 2019; Sultan and Raina, 2020). This
probably arises due to the variability of diverse genotypes
between the studies. It has been reported that these
differences could be originated from genetic variations
and environmental conditions (Abdel-Razzak et al., 2013;
Benke et al., 2018; Akan, 2019). Contrary to the findings
of the study, Atif et al. (2020) stated that the highest bulb
weight might be due to an adequately cool and dry climate,
which probably increased the vegetative growth and size
of the bulb. Within clove height, a large variation was
recorded for this trait. The results of clove height are lower
than some previous reports on garlic varieties (Wang et al.,
2014; Akan, 2019; Ayed et al., 2019). These discrepancies
could be mainly ascribed to garlic genotypes from different
parts of the world grown in different environments which
vary much in their clove size. With regard to clove weight,
the more profound differences were observed in the
average values. These findings are close to those indicated
by Baghalian et al. (2005), Mohammadi et al. (2014), and
Ayed et al. (2019). This could be attributed to the genetic
variations among garlic varieties, as well as environmental
sources and cultivation conditions, as has been already
reported by Akan (2019). The number of cloves per bulb
like a bulb diameter is an important characteristic in terms
of quality and calibration for garlic. Fanaei et al. (2014)
also emphasized that the number of cloves per bulb may
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be an important trait in increasing bulb yield that should
be considered in the breeding of local varieties. The results
of the current study were higher than a previous report
by Ayed et al. (2019). These results are also in accordance
with previous studies, which have reported wide variations
in the number of cloves/bulbs within their tested garlic
genotypes (Akan, 2019). In addition, Jabbes et al. (2012),
in agreement with these results, noted that when the
number per bulb is weak, the weight of cloves is higher.
Further, Singh et al. (2011) indicated that a larger number
of cloves per bulb resulted in less the clove’s weight and
this situation is in full agreement with the ﬁndings of the
current research. On the other hand, Fanaei et al. (2014)
stated that an increase in the number of cloves per bulb
will cause an increase in bulb weight, which is not in
accordance with the obtained results. Considering the
aforesaid results of biometric parameters on the basis of
genotypes, G7, G12, and G10 could be good candidates for
using them in breeding programs. Indeed, previous reports
on Turkish garlic highlighted that the size of the clove and
bulb is the main marker for consumer preference as well as
future studies on selective breeding.
Pearson correlation coefﬁcients exhibited the
signiﬁcant statistical correlations among garlic genotypes
either positive or negative (Table 5). Such a significant
correlation was observed in many reports (Gehani and
Kanbar, 2013; Fanaei et al., 2014; Akan, 2019; Ayed et al.,
2019; Polyzos et al., 2019). According to the results, there
were a strict correlation among bulb diameter, bulb weight,
bulb height, clove height, and clove weight. It appears that
if there is a bigger clove weight or clove height, higher bulbs
including diameter, length, and weight, could be expected.
Moreover, correlation revealed that there is a negative
correlation between the number of cloves per bulb and
other traits. This is partly consistent with a report by Ayed
et al. (2019), who found the N/C as negatively correlated
with clove traits. It can be indicated that the number of
cloves per bulb will help the prediction of garlic bigness in
both cloves and bulbs.
These garlic genotypes could be a good indicator
to produce new cultivars for breeders or to improve
genotypes with agronomical techniques based on the
obtained results from the morphological characters and
biometric parameters of this experiment. Meanwhile, the
selection of some of these genotypes in the future will also
be able to guarantee a higher yield.
4.2. Volatile analysis
The HS-GC–MS analysis of the volatiles revealed the
identity of 41 volatiles, which are sulfides, alcohols, acids,
and other compounds (Table 6). In our experiment, diallyl
disulphide was a major compound detected in percentages
ranging from 33.70% to 71.41%, which is in agreement with
Avgeri et al. (2020) and Mahmoud et al. (2020). Likewise,
Lee et al. (2003) and Keles et al. (2014) reported that diallyl
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disulfide was the predominant flavor component in HSGC-MS extracts. On the contrary, Abu-Lafi et al. (2004)
determined the major components including 3-vinyl-4H1,2-dithiin and 2-vinyl-4H-1,3-dithiin. The differences
in quantitative results could be related to geographical
location, genetic variation, and climatic conditions besides
extraction techniques (Süfer and Bozok, 2019). These
differences in results can be also explained by showing high
chemical instability and prone to enzymatic modifications
(Tocmo et al., 2015). Further, diallyl disulphide, which was
an abundant component in this study, was determined
to have the ability to induce apoptosis in Caco-2 and
human breast cancer cells (T47D) (Shankar et al., 2013).
In the current study, the other main sulfides are disulfide
methyl 2-propenyl, diallyl sulfide, sulfide allyl methyl, and
1-allyl-2-(prop-1-en-1-yl) disulfane, respectively, which
are consistent with earlier reports (Yu et al., 1989; Lee
et., 2003; Molina-Calle et al., 2017; Ramirez et al., 2017;
Satyal et al., 2017; Petropoulos et al., 2020; Mi et al., 2021).
Di-, and tri-sulfides have been known as characteristic
flavor compounds of garlic and garlic-derived products
(Abe et al., 2020; Molina-Calle et al., 2017; Ramirez et al.,
2017), and these sulfides induce apoptosis of malignant
tumor cells (Chope et al., 2011). Cyclic sulfides have
been also identiﬁed and the highest values were found
in 1,3-dithiolane,2,2-dimethyl, followed by 2-ethyl-2methyl-1,3-dithiolane, and 2-ethyl[1,3]dithane. They have
also been determined in previous reports (Lee et al., 2003;
Calvo-Gómez et al., 2004). On the contrary to previous
reports by González et al. (2017), Süfer and Bozok (2019),
and Mi et al. (2021), some dominant cyclic organosulfur
compounds such as vinyldithiins (e.g., 1,3-vinyldithiin
and 1,2-vinyldithiin) and isomers were not detected in
this study. Kim et al. (2011) mentioned that vinyldithiins
give a pungent scent to garlic, however, in this study, it
is thought that degradation products of vinyldithiin also
seemed to be contributors to garlic scent as well. Alcohols
were detected and quantiﬁed in all genotypes examined,
1-propanol and propanol 2-methyl- were the predominant
compounds (14.58% and 3.55%, respectively) (Table 6).
The relative content of allyl mercaptan was higher than
earlier reports by Kim et al. (2011) and Mi et al. (2021),
whereas 3H-1, 2-dithiole was lower than theirs. Among
acids, 2-butenoic acid ethyl ester (E)- and acetic acid were
among the two most abundant ones. Acetic acid was also
detected in a previous report (Mi et al., 2021). Tsakiris et
al. (2014) reported that acetic acid, which has a vinegarlike intense odor, is the main volatile acid and contributes
greatly to the volatile acidity. Among other compounds,
higher results were obtained from 1.2-diacetylhydrazine
(37.06%), mercaptoacetone (1.47%), tromethamine
(0.84%), respectively (Table 6). When taking into account
the results on the basis of genotypes, as pointed out in the
results section of the volatiles, the genotypes G13, G6,

and G9 could be promising garlic for not only choosing
as breeding materials but also utilizing for nutrition and
health benefits.
The important point considered while selecting
genotypes is using multi variance analysis in terms of
showing good performance. Accordingly, this study
showed that multivariate analysis could be a useful method
for the discrimination of garlic genotypes based on volatile
differences (Figures 4a, 4b, 4c, 5). This experiment revealed
that genotypes from one origin were clustered in more
than one group. Similar results on genetic divergence in
garlic have been reported (Baghalian et al., 2006; Singh,
2011; Sandhu et al., 2014). They explained that there
is no association between the clustering of genotypes
and the geographical area. The reason for this could be
the replacement of genotype from one place to another.
In addition to a grouping of genotypes into different
clusters, CDA was also conducted for the identification
of the diverse and desirable genotypes on account of inter
distance and averages in volatiles of garlic genotypes.
The heat map of the two-way HCA multivariate analysis
also clarified the dependencies between garlic genotypes
in terms of volatiles. The results of the experiment
revealed that the volatiles can vary highly from one to
another geographical area. In other words, environmental
conditions in the experiment resulted in variation in
volatile compounds. Similar results were also reported in
Botas et al. (2019) and Mi et al. (2021), who stated that
the geographical locations, and growing conditions could
affect the differences in volatile compounds of garlic
genotypes. On the other hand, according to Khar et al.
(2008), the explanation for the clustering of garlic lines
from various locations can be better explained based on
their light and temperature requirements for growth rather
than geographical locations.
5. Conclusions
It was concluded that Turkish garlic genotypes had a
large variation in morphological parameters and volatiles.
Multivariate analyses revealed distinctive differences
among the garlic genotypes. Turkish garlic genotypes are
rich in volatile compounds, however, differ in the relative
content of these compounds. Genotypes G1, G7, and G2
proved to be much closer to each other than the other
genotypes. It was also concluded that the genotypes G13,
G6, and G9 could be prominent sources for the future
by offering great potential for developing new cultivars
and utilizing the pharmaceutical industry from them
depending on volatile content. In conclusion, these findings
have extreme value on the authenticity of Turkish garlic
genotypes and this study also serves to further research
for enlarging the investigations on comparing with foreign
genotypes by covering more geographic origins.
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